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Purpose: To identify relationships between central corneal thickness (CCT) and optic disc 
topography, as determined by scanning laser ophthalmoscopy (SLO), for patients seen in a 
specialist glaucoma service.
Methods: 272 eyes of 144 patients with primary open angle glaucoma (POAG; n = 71), nor-
mal tension glaucoma (NTG; n = 50), ocular hypertension (OH; n = 48) and those considered 
to be suspicious for glaucoma (GS; n = 103) underwent ultrasonic pachymetry and optic disc 
topography by SLO. Correlations between CCT and SLO parameter values were identiﬁ  ed. A 
Bonferroni correction for multiple comparisons was performed and a p value of 0.0042 was 
considered signiﬁ  cant.
Results: Mean CCT values were 533 μm (POAG), 530 μm (NTG), 550 μm (GS), and 565 
μm (OH). As a group the GS and OH eyes had signiﬁ  cantly thicker CCT values than eyes with 
POAG. In addition, the NTG eyes had signiﬁ  cantly thinner CCT values than GS and OH eyes. 
Overall multiple SLO parameters correlated with CCT even after accounting for co-variance 
with age, refraction and inclusion of both eyes. Sub-group analysis indicated that ‘optic disc 
rim area’ positively correlated with CCT (r = 0.378) and ‘cup to disc area ratio’ negatively cor-
related with CCT (r = −0.370) in the POAG group. In the GS group the parameter ‘area below 
reference’ (a measure of cup volume) and ‘mean cup depth’ had negative correlations with 
CCT (r = −0.297 and −0.323) indicating that eyes with thinner than average corneal thickness 
measurements had larger and deeper cups.
Conclusion: Thinner corneas appear to be associated with larger and deeper optic disc cups 
in the eyes of patients seen in a specialist glaucoma service.
Keywords: central corneal thickness, optic disc topography, optic disc compliance, 
glaucoma
Variability in central corneal thickness (CCT) is a confounder with respect to accuracy 
of tonometry. It has been estimated that tonometric inaccuracy may be signiﬁ  cant 
(Ehlers et al 1975), although the degree of inaccuracy has been questioned (Gunvant 
et al 2005). Perhaps of more importance is the apparent predictive power that CCT 
values may have with respect to the risk of developing glaucoma. The Ocular Hyper-
tension Treatment Study (Gordon et al 2002) demonstrated that the presence of a thin 
cornea increased the chance of developing glaucoma, the risk of conversion in those 
with CCT 555 μm being over three times higher than in those with corneas 588 
μm thick. However, it has to be remembered that the error in intraocular pressure (IOP) 
measurement due to variability in CCT could explain the association between CCT 
and the development of glaucoma (see discussion) (Herndon et al 2004).
A hypothesis to explain the association between CCT and glaucoma risk, additional 
to any tonometric inaccuracy, is a biomechanical relationship between CCT and the Clinical Ophthalmology 2008:2(3) 592
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support structures of the optic nerve. It might be that a thin 
cornea is associated with poor mechanical support of axons 
at the optic nerve head, and that this increases the susceptibil-
ity to glaucomatous neuropathy. It has been established that 
even short-term elevations in IOP cause changes in optic disc 
cupping (Azuara-Blanco et al 1998) and that the degree of 
optic nerve head compliance varies from individual to indi-
vidual (Shin et al 1989; Zeimer and Ogura 1989; Burgoyne 
et al 1995b). Thus, it is not unreasonable to hypothesize that 
the degree of optic nerve head compliance has a relation-
ship with susceptibility to glaucoma and that there may be a 
relationship between CCT and three-dimensional optic nerve 
topography, certain parameters of which are likely to relate 
to degree of compliance.
The aim of the present study was to determine whether there 
were any relationships between CCT and optic disc topogra-
phy, as determined by scanning laser ophthalmoscopy, in a 
cohort of patients seen in a UK hospital glaucoma service.
Methods
All participants were prospectively recruited and underwent 
a comprehensive eye examination in the Department of Oph-
thalmology at the Norfolk and Norwich University Hospital 
(Norwich, UK) and had Snellen equivalent visual acuity of 
6/12 or better and a normal appearance of the cornea by slit-
lamp biomicroscopy. All patients with glaucoma (primary 
open angle glaucoma [POAG] or normal tension glaucoma 
[NTG]) had glaucomatous visual ﬁ  eld defects and optic disc 
characteristics consistent with glaucoma. Patients with POAG 
had pretreatment IOPs that were consistently 22 mmHg 
and the diagnosis of NTG was established using the Collab-
orative Normal-Tension Glaucoma Study criteria (CNTGS 
1998). Patients with ocular hypertension (OH) had IOP 
measurements consistently 22 mmHg and no visual ﬁ  eld 
defect identiﬁ  ed by standard automated perimetry. Patients 
were deﬁ  ned as glaucoma suspects (GS) if they had an optic 
nerve head appearance and/or visual ﬁ  eld defect that were 
considered suspicious but were not conclusively glaucoma-
tous. Patients with congenital glaucoma, pseudoexfoliation 
syndrome, pigment dispersion syndrome, or secondary glau-
coma were excluded. Patients with signiﬁ  cant cataract were 
excluded from the study. Pseudophakic eyes were included if 
their clinical diagnosis had been established prior to cataract 
surgery. Patients having non-glaucomatous ocular disease 
were excluded from the study. Individuals with healthy eyes 
that had an IOP 22 mmHg, a normal optic disc appearance 
and a normal visual ﬁ  eld were not included in the study. 
One hundred and forty four individuals were consecutively 
recruited into the study (272 eyes). There were 71 POAG eyes, 
50 NTG eyes, 48 OH eyes, and 103 (GS) eyes. The Local 
Research Ethics Committee gave approval for the study. All 
included subjects underwent informed consent.
Evaluation of participants for the study
Participants underwent Goldmann applanation tonometry 
and their highest recorded IOPs were identiﬁ  ed from their 
charts. The CCT measurements were made using an ultrasonic 
pachymeter (Optikon 2000 S.p.A, Altair, Rome, Italy) by an 
experienced observer (LP). The measurements of CCT were 
performed as described previously (Gunvant et al 2003). Five 
measurements were performed in rapid succession (taking 
no longer than 20 seconds), and provided each measurement 
was within ± 5 μm, the mean of 5 readings was calculated and 
recorded as the CCT. A 24-2 threshold visual ﬁ  eld test with 
size III white stimulus using the standard Swedish Interac-
tive Threshold Algorithm strategy (Humphrey 24-2 SITA-S) 
was performed using a Humphrey Field Analyzer - II (Zeiss-
Humphrey Instruments, Carl Zeiss Meditec Inc., Dublin, CA, 
USA). Evaluation and screening for visual ﬁ  eld artefacts was 
performed (by DCB) and a visual ﬁ  eld was considered reli-
able if it had 20% false negatives, 10% false positives, 
and 20% ﬁ  xation losses. The visual ﬁ  eld test was classed as 
glaucomatous based on CNTGS criteria (CNTGS 1998).
Optic disc topography
Images of the optic disc were obtained using a Heidelberg Ret-
ina Tomograph (HRT-I; Heidelberg Engineering, Heidelberg, 
Germany). The details and the working principles of the HRT-I 
have been explained elsewhere (Zinser et al 1988, 1990). The 
optic disc margin contours for the “mean” images were drawn 
using a computer mouse, by an experienced observer (DCB), 
at the inner aspect of the scleral ring, this being aided by 
viewing a stereo optic disc image (captured using the using a 
Nidek 3-DX-NM camera, Nidek, Japan). The complete list of 
parameters studied is given in Table 2. The global and sectoral 
raw data parameters selected to be studied were those that 
represented the area, volume or height/depth and shape of the 
optic cup, neuroretinal rim and retinal nerve ﬁ  bre layer.
Statistical analysis
A multiple analysis of covariance (MANCOVA), allowing 
for the covariance induced by inclusion of both eyes of an 
individual, was used to investigate the overall difference 
in CCT, refraction and age in different diagnostic groups. 
A post-hoc analysis was performed using an independent 
samples t-test to investigate the individual factor differences Clinical Ophthalmology 2008:2(3) 593
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between groups. A Kruskal-Wallis test was used to investigate 
the difference in males and females between the groups and 
for variables that did not have a normal distribution. A 
MANCOVA, allowing for the covariance due to inclusion 
of both eyes of an individual and differences in both age 
and mean spherical refraction of groups, was also used to 
investigate the differences in the highest previously recorded 
IOP and IOP recorded during the study visit for the various 
diagnostic groups. Following allowance for both eye covari-
ance, Pearson’s correlation coefﬁ  cients were determined to 
identify associations between CCT, age, refraction, and IOP 
measured at the study visit. In addition, Pearson’s correla-
tion coefﬁ  cients (allowing for the covariance due to inclu-
sion of both eyes of an individual, age, and refraction) were 
determined to identify associations between topographical 
optic disc parameters and CCT. Since multiple correlations 
were investigated between the HRT parameters (n = 12) 
and CCT, the p-value was adjusted using a Bonferroni cor-
rection to allow for the inﬂ  ation of alpha. Thus, p  0.0042 
was considered statistically signiﬁ  cant. The same statistical 
analyses were performed using single eye data. When data 
was available for both eyes of a participant, one eye was 
selected randomly for inclusion. Further, the highest recorded 
IOP was adjusted to account for the variation in CCT using 
the Ehlers algorithm (Ehlers et al 1975). Pearson’s correla-
tion was used (allowing for the covariance due to inclusion 
of both eyes of an individual) to examine the association 
between the highest recorded IOP with mean deviation of 
visual ﬁ  eld and highest recorded adjusted IOP with mean 
deviation of visual ﬁ  eld. When data was only available 
for one eye of an individual it was included automatically. 
All statistical analyses were performed using SPSS version 
13.0 (SPSS Inc., Chicago, IL, USA).
Results
Table 1 gives the details of age, mean spherical refraction 
and CCT measured for the study participants. A MANCOVA 
showed that overall the CCT (F = 11.4, p  0.0001; Figure 1), 
mean spherical refraction (F = 3.18, p = 0.02) and age 
(F = 5.72, p = 0.001) were signiﬁ  cantly different for the dif-
ferent diagnostic groups.
There was a negative correlation between CCT and clini-
cally estimated cup to disc ratio (r = −0.393, p  0.0001), 
with individuals with thicker CCT values having smaller cup 
to disc ratios. In the glaucoma group, CCT correlated with 
disease severity as measured by mean deviation of visual 
ﬁ  elds, the eyes with thinner CCT values tending to have 
greater visual ﬁ  eld loss (r = 0.258, p = 0.012; Figure 2).
Central corneal thickness and 
topographical optic disc parameters
Table 2 gives the correlation coefﬁ  cients relating to associations 
between CCT and HRT parameters. The parameters ‘area below 
reference’ and ‘volume below reference’, which are measures of 
cup area and cup volume, respectively, had signiﬁ  cant negative 
correlations with CCT (correlation coefﬁ  cients r = −0.223 and 
r = −0.207, respectively). The parameters ‘maximum cup depth’, 
‘mean cup depth’, and ‘third moment’ (cup shape measure) 
had signiﬁ  cant negative correlations with CCT (r = −0.179, 
r = −0.268, and r = −0.254, respectively). These results indicated 
that the eyes with lower than average CCT values had larger, 
deeper optic cups with altered cup-shape-measure.
Table 1 Values for eyes included in the study
Mean (SD)  Overall  POAG  NTG  GS  OH
Age in years  68  71  71  66  64
 (12)  (10)  (7)  (13)  (13)
Mean spherical refraction  0.41  1.07  0.29  0.28  −0.19
 (2.35)  (2.28)  (2.37)  (2.32)  (2.36)
Current IOP mmHg† (study visit)  18.06  17.32  15.22  17.91  22.44
 (4.84)  (5.45)  (3.56)  (3.61)  (4.49)
Highest recorded IOP mmHG††  24.3  28.01  20  21.33  29.5
 (6.36)  (5.7)  (3.08)  (4.61)  (6.53)
Visual ﬁ  eld mean deviation  −4.40  −8.79  −6.76  −2.19  −1.04
 (5.56)  (7.15)  (5.75)  (2.92)  (1.22)
Central corneal thickness  544.35  532.9  529.82  549.55  565.27
 (37.79)  (32.9)  (37.22)  (37.91)  (33.63)
Abbreviations: SD, standard deviation; POAG, primary open angle glaucoma; NTG, normal tension glaucoma; GS, glaucoma suspect; OH, ocular hypertension; IOP, intraocular 
pressure measured by Goldmann applanation tonometer.
Notes: Both IOP at study visit (†) and the highest recorded (††) IOP was different for different diagnostic groups (MANCOVA F = 11.99, p  0.0001 and F = 25.62, p  0.0001, 
respectively); † Study visit intraocular pressure, POAG group  OH group and NTG group  GS and OH groups respectively (p  0.01); †† Highest recorded intraocular 
pressure (untreated), POAG group  NTG and GS groups respectively, and NTG group  OH group (p  0.01).Clinical Ophthalmology 2008:2(3) 594
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There were positive correlations identified between 
parameters measuring amount of neuroretinal rim tissue 
and CCT, with high values of CCT being associated with 
greater amounts of neuroretinal rim tissue. For the parameters 
‘volume above reference’ (a measure of rim volume), rim 
area, mean RNFL thickness and RNFL cross-section area, the 
positive correlations were statistically signiﬁ  cant (r = 0.265, 
0.325, 0.224, and 0.215, respectively).
Subgroup analyses
Relationships between CCT and the topographical disc 
parameters were analyzed for the diagnostic groups and the 
results are summarized in Table 2.
Analysis of the eyes with open angle 
glaucoma (POAG and NTG)
There was no statistically signiﬁ  cant difference in degree of 
visual ﬁ  eld loss for the eyes with POAG compared with those 
with NTG, even after accounting for any differences in age or 
refraction and inclusion of two eyes (MANCOVA F = 1.849, 
p = 0.127). Since the mean deviation of visual ﬁ  elds was not 
normally distributed the difference in POAG and NTG group 
was further analysed using a non-parametric equivalent of 
one-way ANOVA. The mean deviations for the POAG and 
NTG groups did not differ signiﬁ  cantly (p = 1.0, Kruskal-
Wallis one-way ANOVA). Furthermore, the IOP measured 
at the study visit was not signiﬁ  cantly different between the 
eyes with either POAG or NTG (MANCOVA F = 1.849, 
p = 0.127). For the eyes with POAG there was a signiﬁ  cant 
negative correlation between the ‘cup to disc area ratio’ HRT 
parameter and CCT (r = −0.370, p = 0.002) indicating that eyes 
with thinner than average CCT values had a greater ‘cup to 
disc area ratio’. Consistent with the latter ﬁ  nding was the fact 
that there was a positive correlation between the ‘rim area’ and 
CCT (r = 0.378, p = 0.002). There was also a tendency towards 
a correlation between CCT and the parameter ‘volume above 
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Figure 1 Box-plots for CCT by diagnostic group.   The plots show median, interquartile range and extremes (whole data set).   The CCT of GS and OH Groups were signiﬁ  cantly 
greater than POAG and NTG (p  0.01).Clinical Ophthalmology 2008:2(3) 595
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reference’ (a measure of rim volume) and the ‘third moment’ 
(cup shape measure), correlation coefﬁ  cients being r = 0.338 
(p = 0.005) and r = −0.255 (p = 0.036), respectively. Interest-
ingly, for the eyes with NTG none of the topographical optic 
disc parameters correlated with CCT.
Analysis of the eyes with suspicions 
of glaucoma (GS)
The glaucoma suspect eyes were deﬁ  ned as such on the basis 
of: 1) suspicious optic disc appearance with normal visual 
ﬁ  elds (79.6%); 2) suspicious glaucomatous visual ﬁ  eld with 
normal optic disc appearance (4.9%); and 3) suspicious optic 
disc appearance and visual ﬁ  eld analysis (15.5%). For the GS 
group as a whole, there was a signiﬁ  cant negative correlation 
between the parameters ‘volume below reference’ (a measure 
of cup volume), ‘mean cup depth’, and CCT (r = −0.297; 
Figure 3 and r = −0.323; Figure 4, respectively). The param-
eters ‘area below reference’ (a measure of cup area) and ‘third 
moment (cup shape measure)’ were found to have a negative 
correlation with CCT (correlation coefﬁ  cients r = −0.213 and 
r = −0.225, respectively), but these associations were not sta-
tistically signiﬁ  cant (p = 0.035 and p = 0.025, respectively).
Analysis of the eyes with OH
None of the topographical optic disc parameters correlated 
signiﬁ  cantly with CCT for the eyes with OH. The only 
parameter that showed a trend towards an association was 
‘rim area’ which showed a positive correlation with CCT 
(r = 0.363, p = 0.014) in the eyes with OH.
IOP and mean deviation of visual ﬁ  eld
IOP did not correlate signiﬁ  cantly with either the mean 
deviation of visual ﬁ  eld defect when using the IOP that was 
unadjusted for CCT or when using IOP corrected using the 
Ehlers algorithm (Ehlers et al 1975) (correlation coefﬁ  cients 
r = −0.033 and r = −0.11, respectively; p  0.05).
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Figure 2 The relationship between CCT and visual ﬁ  eld defect as measured by mean defect (MD) for eyes with established glaucoma (POAG and NTG eyes n = 121 eyes). 
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Single eye analysis
When only one eye from each participant was included in 
the statistical analyses, the results were essentially the same 
with respect to correlations between the topographical optic 
disc parameters and CCT (results not shown).
Discussion
In this cohort of patients, when considering the whole data 
set, thinner corneas appeared to be associated with larger, 
deeper optic disc cups and with increased ‘cup-shape-
measure’, which are topographic signs regarded to be indica-
tive of glaucomatous optic neuropathy. The results of the 
present study can be explained by two different hypotheses. 
1) The IOP is erroneously high in individuals with thick 
cornea (hence an early presentation at clinics) or errone-
ously low in patients with thinner cornea (this delaying 
referral until more advanced disease is evident), thus it is a 
diagnostic/treatment bias issue. Alternatively, 2) there may 
be a true physiological biomechanical relationship between 
CCT and the support structures of the optic nerve. A recent 
study (Pakravan et al 2007) reported a relationship between 
CCT and optic disc size. The current study found no such 
relationship. In the present study, a subgroup analysis showed 
different relationships between CCT and optic disc morphol-
ogy for the different diagnostic groups, but no link between 
CCT and optic disc size. The OH eyes (deﬁ  ned as having 
normal discs on clinical examination) had thicker CCT values 
and no identiﬁ  able relationship between CCT and optic disc 
morphology, this being despite the eyes in this group hav-
ing a mean IOP on average 6 mmHg higher than the other 
eyes studied. In contrast, when only considering eyes with 
established high tension glaucoma (the POAG group), the 
eyes with thinner corneas had optic disc changes indicative 
of more severe optic neuropathy (reduced neuroretinal rim 
area and volume and a greater cup to disc area ratio) and an 
associated greater amount of visual ﬁ  eld loss in comparison 
with the POAG eyes with thicker corneas. The relationship 
between CCT and optic disc topography did not appear to 
Table 2 Correlation between central corneal thickness and various topographical optic disc parameters
HRT parameters     Overall  OAG  POAG  NTG  GS  OH
Disc Area  Correlation  −0.033 0.122 0.079  0.148  −0.158 0.252
 Signiﬁ  cance (2-tailed)  0.597  0.195  0.521  0.343  0.117  0.095
Effective Area (ea) {= area below surface  Correlation  −0.136 0.053 −0.057 0.119 −0.153 0.111
[abs], ie a measure of cup area  Signiﬁ  cance (2-tailed)  0.027  0.578  0.642  0.447  0.130  0.467
Area Below Reference (abr) {another  Correlation  −0.223 -0.042 −0.180 0.054 −0.213  −0.007
measure of cup area, different plane}  Signiﬁ  cance (2-tailed)  0.000  0.660  0.141  0.730  0.035  0.965
Volume Below Reference (vbr){= measure  Correlation  −0.207 0.020  −0.142 0.172 −0.297  −0.004
of cup volume}  Signiﬁ  cance (2-tailed)  0.001  0.834  0.247  0.271  0.003  0.980
Volume Above Reference (var) {= measure  Correlation  0.265  0.252  0.338 0.169  0.088  0.199
of rim volume}  Signiﬁ  cance (2-tailed)  0.000  0.007  0.005  0.280  0.388  0.189
Maximum Cup Depth (mcd)  Correlation  −0.179  −0.032  −0.003  −0.025  −0.236 0.020
 Signiﬁ  cance (2-tailed)  0.003  0.738  0.981  0.876  0.019  0.894
Third moment/Cup Shape Measure  Correlation  −0.254  −0.048  −0.255 0.101 −0.225  −0.211
 Signiﬁ  cance (2-tailed)  0.000  0.610  0.036  0.517  0.025  0.163
C/D Area ratio  Correlation  −0.325  −0.241  −0.370  −0.123  −0.201  −0.124
 Signiﬁ  cance (2-tailed)  0.000  0.010  0.002  0.433  0.046  0.417
Rim Area  Correlation  0.325  0.266  0.378 0.126  0.118 0.363
 Signiﬁ  cance (2-tailed)  0.000  0.004  0.002  0.422  0.246  0.014
Mean Cup Depth  Correlation  −0.268  −0.090  −0.187 0.064 −0.323  −0.055
 Signiﬁ  cance (2-tailed)  0.000  0.339  0.126  0.683  0.001  0.718
mean RNFL thickness (mRNFLt)  Correlation  0.224  0.219  0.331 0.088  0.188  0.056
 Signiﬁ  cance (2-tailed)  0.000  0.019  0.006  0.577  0.062  0.713
RNFL Cross Section Area  Correlation  0.215  0.235  0.327 0.096  0.165  0.109
 Signiﬁ  cance (2-tailed)  0.000  0.012  0.006  0.540  0.102  0.475
Abbreviations: OAG, open angle glaucoma group which includes individuals with either primary open angle glaucoma or normal tension glaucoma, n = 121 eyes; POAG, 
primary open angle glaucoma group, n = 71 eyes; NTG, normal tension glaucoma group, n = 50 eyes; GS, glaucoma suspects group, n = 103 eyes; OH, ocular hypertensive 
group, n = 48 eyes; HRT, Heidelberg Retina Tomograph.
Notes: Correlation for the study participant eyes as a whole, n = 272 eyes. Numbers that are bold represent parameters that had signiﬁ  cant correlations with central corneal 
thickness after a Bonferroni correction p , 0.0042; Numbers in italics are parameters that were signiﬁ  cant at a level of p , 0.05 (trend only).Clinical Ophthalmology 2008:2(3) 597
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hold true for the eyes with NTG, where no statistically sig-
niﬁ  cant associations were identiﬁ  ed. This is quite intriguing 
and warrants further investigation.
The GS eyes are an interesting group because they 
represent a group of eyes that can be considered ‘at-risk’ 
eyes, although a proportion of these eyes will of course 
remain stable. In these eyes there was a negative correla-
tion between CCT and estimates of cup volume and depth, 
the GS eyes with thinner corneas having optic disc cups of 
greater volume and depth. It would appear, therefore, that the 
eyes with thinner corneas had more changes suspicious of 
glaucoma in comparison with those having thicker corneas. 
For a similar group of ‘glaucoma suspects’, Medeiros and 
colleagues (2003a, 2003b) have provided further evidence for 
an increased risk of developing glaucoma in the presence of a 
thin cornea. Patients with OH and normal automated white-
on-white visual ﬁ  elds, but early glaucoma detected by either 
frequency doubling technology perimetric defects (Medeiros 
et al 2003a) or short wavelength automated perimetric defects 
(Medeiros et al 2003b), had thinner corneas than those with 
no such defects.
Burgoyne and colleagues (1995a) have reported that 
changes in optic disc compliance and surface position could 
be detected by digitized image analysis in early experimental 
glaucoma in the monkey eye. These ﬁ  ndings were unlikely to 
be due to axon loss alone, because they did not occur in eyes 
with transected nerves (a model of axon loss for normal IOP). 
Their results suggested that IOP-related damage to the load-
bearing connective tissues of the optic nerve head might occur 
early in the course of glaucoma. Quigley and colleagues (1991) 
and Hernandez (1992) have reported that there are altera-
tions in the elastin of the optic nerve head in both human and 
experimental glaucoma and have suggested that differences 
in elastin function may have a part to play in susceptibility to 
glaucomatous injury. It remains unknown as to whether such 
elastin alterations relate to CCT differences.
As suggested by a previous study (Herndon et al 2004), 
the results of the present study could be inﬂ  uenced in part 
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Figure 3 The relationship between CCT and HRT parameter volume below reference for eyes suspicious of glaucoma (n = 103 eyes).   The cup volume tended to be greater 
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by error in IOP measurements (ie, the patients with thinner 
CCT values may have presented late since initially mea-
sured IOP will have tended to be lower than the ‘true’ IOP 
in such eyes). It should be noted that, however, in the UK it 
is mandatory for an ophthalmic evaluation to include optic 
disc evaluation and thus community glaucoma screening is 
not limited to IOP measurement. Furthermore none of the 
patients were referred on the basis of CCT.
In the present study we performed an additional analysis 
to examine the difference between corrected and uncorrected 
IOP on the mean deviation of visual ﬁ  eld obtained at pre-
sentation to the study. There was no association identiﬁ  ed 
when either the uncorrected IOP or the corrected IOP (Ehlers 
algorithm) (Ehlers et al 1975) was used. This indicates a 
lack of CCT–IOP related effect. A prior study examined the 
accuracy of the presently available tonometric correction fac-
tors and reported that they are potentially inaccurate with a 
tendency to overestimate the effect of CCT on IOP (Gunvant 
et al 2005). There is no universally acceptable and correct 
algorithm that is available as a CCT-tonometric correction 
factor. Thus it is difﬁ  cult to obtain a true estimate of the effect 
of CCT on IOP and hence difﬁ  cult to substantiate or negate 
any bias issue due to improper measurement of IOP. Neither 
can undebatable proof of any physiological biomechanical 
relationship between CCT and the support structures of the 
optic nerve be determined by the present study. However, 
the results of the present study suggest that in eyes with 
glaucoma, thinner corneas are associated with morphologi-
cal changes of the optic nerve head (increased cup depth and 
volume) that might reﬂ  ect an increased susceptibility to 
glaucomatous optic neuropathy. Much remains unknown and 
many further studies are required to unravel the mysteries of 
the pathogenesis of glaucomatous optic neuropathy and any 
relationships that there may be with CCT. Use of alterna-
tive tonometers, such as the Dynamic Contour Tonometer 
(Kaufmann et al 2004) or the Ocular Response Analyzer 
(Luce 2005), which have been reported to be independent 
of CCT, may prove useful in future research.
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Corneal thickness and disc topography
The present study has a speciﬁ  c, important limitation in 
that it is a clinic-based study and not a population-based study. 
Thus, although the result of the present study provides informa-
tion on associations in a selected group of patients, a possible 
selection bias may account for these associations and a larger 
population-based study is required to conﬁ  rm the ﬁ  ndings.
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